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Fig. 1. Shape of droplet boundary.
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Fig. 2. Experimental images of finger shaped liquid column fragmentation process.
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Fig. 5. (a) Relation of growth rate to wavenumber and viscosity ratio at ot (k) mode; (b) relationship between the viscosity ratio

and the wave number corresponding to the maximum growth rate.
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Fig. 6. Relation of growth rate to wavenumber and viscos-
ity ratio at o~ (k) mode.
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Table 1.  Theoretical concentration range and experimental concentration range of burst phenomena in several alcohol solutions.
ZItiRGW) L IENEE SHNEE ETEE
K 0.52241 0.19622 0.11931 0.07004
b 0.20449 0.22024 0.16302 0.23663
LIPS 1 0.99757 0.99980 0.99908 0.99620
CHYTHRAE / (mol L 1) (7.381, 7.039) (2.248, 13.37) (3.484, 13.06) (0.6627, 4.7237)
CHYSESE / (mol-L 1) (7.67, 17.039) (2.542, 13.37) (3.92, 13.06) (0.87, 4.37)
Y xR 2 0.29 0.294 0.436 0.2073/-0.3537
AHXT R 22 0.039 0.130 0.125 0.3128/-0.081
2 A, ERRICN IR B I, CBEA UL A A G i BV VR B Y R 5 S0 vk B2
Table 2. Theoretical concentration range and experimental concentration range of ethanol solution when peanut oil and

castor oil are liquid layers B.

WA (JREEY 4 mm) iRl ERT
ik S/ (N-m™) 0.03302 0.03550
CHYITHE / (mol-L 1) (7.38, 17.039) (5.925, 17.039)
CHYSZHE / (mol- L) (7.67, 17.039) (6.305, 17.039)
xRz 0.29 0.38
X122 0.039 0.064
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Fig. 8. Statistical data on volume fractions of several alcohol solutions for whether bursting phenomena occur.
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Fig. 9. Statistical data of volume fraction of ethanol solution with peanut oil and castor oil as liquid B.
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Study on Marangoni explosion of binary mixtures
in liquid layer
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Abstract

In this work, the process of forming micro-droplets due to instability and fragmentation after short chain
alcohol solution spreads on the surface of oil layers is studied. Based on the free energy theory of the liquid-
liquid interface, the relationship between the binary mixtures spreading on the surface of the liquid layer is
derived, and the concentration range of short chain alcohol solution spreading as a thin film on the surface of
the oil layer is calculated from the Hiskovsky formula. The Malangoni flow caused by the difference in
evaporation rate between the center and edge of the droplet film perturbs the boundary of the liquid film,
causing finger-shaped liquid columns to grow at the edge when the droplet spreads to its maximum. In this
work, the expression for the critical wavelength and maximum wavelength of boundary instability are derived
based on the perturbation model, and the reason for finger shaped liquid column fragmentation is explained
based on the Plateau Rayleigh instability. A concentric cylindrical shell liquid column model is established to
simplify the calculation and predict the location range of “droplet explosion” of droplets with different viscosity
ratios on the liquid layer. Through theoretical calculations and experimental verification, it is found that the
alcohol solution fragmented into small droplets within a length range of 4.51-5.98 times the width of the liquid
column. This study provides theoretical guidance for existing application fields such as film forming technology
and coating technology. The hypotheses, assumptions, and simplified models preliminarily verified
experimentally provide solutions for some technical difficulties in the research fields of micro reactions and

nanoparticle preparation in chemical industry.
Keywords: spread coefficient, Marangoni burst, boundary instability, Plateau-Rayleigh instability
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